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@ Process and apparatus for impregnating continuous fibre bundle.

@ The invention relates to a process and apparatus
for impregnating a continous fibre bundle or fibre
bundles (10) with molten or fluid curing resin in the
course of manufacturing fibre reinforced material,
said material comprising one or several fibre bundles
(10) encircled by matrix resin. The fibre bundles (10)
are so conducted to pass across the nozzle aperture
(13) that the resin runs from the nozzle (11) from a
higher pressure through the fibre bundle (10) to a
lower pressure.
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PROCESS AND APPARATUS FOR IMPREGNATING CONTINUOUS FIBRE BUNDLE

The present invention concerns a process and
apparatus for impregnating a continuous fibre bun-
dle. The process and apparatus of the invention are
appropriate for impregnating fibre bundles with
molten or fluid resin in the course of manufacturing
fibre-reinforced materials which consist of a re-
inforced fibre bundle or fibre bundles bound with a
thermoplastic resin material which forms a matrix.

The greatest problem related to manufacturing
said products is the high viscosity of certain ma-
terials included in the matrix resin. Since individual
fibres in fibre bundles lie very close to one another,
it is difficult to make the resin material penetrate
into a resin bundle and to surround all individual
fibres. This would, however, be indispensable con-
sidering the properties of the product, such as
strength, rigidity, chemical durability, further pro-
cessability, etc.

Endeavours have been made to develop a
number of solutions to the problem. In one method,
fibore bundles are conveyed through a so-called
crosshead-die, in which melt or liquid resin is made
to enter into fibre bundles travelling through the
nozzle chamber at elevated pressure. The
crosshead-die procedure has proved inefficient in
impregnating fibre bundles with thermoplastic res-
ins because not all individual fibres get encircled
with resin although during the impregnation phase
the fibres are kept at elevated pressure. In impreg-
nating reinforcing fibres, the range of viscosity of
resin 1 to 10 PaS would be ideal, the common
order of magnitude being 102 PaS, and in some
cases, the order of magnitude 10° PaS is accept-
able. However, a typical range of viscosity for mol-
ten thermoplastic resins is 102 to 10° PaS order of
magnitude; it is thus obvious that with said
crosshead-die procedure encircling all individual fi-
bres with resin is not successful.

The present invention discloses a process and
apparatus for impregnating a continuing fibre bun-
die or fibre bundles with molten or fluid curing
resin so that even individual fibres are encircled
with resin. The process of the invention for impreg-
nating a continuous fibre bundie or fibre bundles
with molten thermoplastic or curing resin in the
course of manufacturing fibre-reinforced material,
said material comprising one or more fibre bundles
absorbed with mairix resin, is characterized in that
said fibre bundles are so guided to pass across a
nozzle aperture that moiten resin flows from the
nozzle from elevated pressure through the fibre
bundle to lower pressure.

In the simplest embodiment of the process of
the invention, a fibre bundle or fibre bundles to be
impregnated is/are guided to pass across the ap-
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erture of a nozzle head, from which molten resin at
elevated pressure runs out. The nozzle may be
connected eg to an exiruder in which melting and
processing of the plastic is carried out, or to a tank
in which the ingredients of thermosetting resin are
mixed. The fibre bundle fo be impregnated may
hereby be at atmospheric pressure or, if desired, at
a lower pressure.

According to one embodiment of the process
of the invention, the nozzle head is located in a
chamber which contains molten resin, through
which the fibre bundles to be impregnated flow. A
lower pressure is then prevalent in the chamber
than in the -nozzle through which the molten ther-
moplastic resin flows out.

By the process of the invention any fibre-re-
inforced material can be produced in which the
fibres lie in the form of bundles. The fibres may be
any such fibres that can be bound to matrix resin.
Such products are, for instance, long-fibre rein-
forced granulates for injection moulding and other
processes, pre-cured or pre-absorbed materials for
conventional processes, such as pultrusion, fila-
ment rolling, tape lamination, etc. The product to
be produced in the process is a continuous tape
which can be used for pultrusion, etc. When cut to
appropriate lenth, the product forms long-fibre
granulates of about 3 o 20mm length.

Thus, in the process of the invention, fibres,
such as fibreglass, carbon fibres and aramide fi-
bres, and thermoplastic fibres can be used. Among
the most common reinforced fibres are fibreglass
products in the form of bundles which products can
be used individually or combined into bundies, or
also in woven, braided or otherwise worked shapes.
Fibreglass bundles typically contain thousands of
individual fibres, usually with diameter of about 10
to 17um.

The resin material used for binding reinforced
fibres of fibre-reinforced material may be, for in-
stance thermoplastic resin, which is impregnated
into bundles in molten state, or thermosstting resin,
which after being absorbed is set with external
energy, such as heat, chemical reaction, UV radi-
ation, magnetic field, radiation, etc.

Suitable thermoplastic resins are, for instanoe
homopolymers and copolymers of olefins, homo-
polymers and copolymers of vinyl chloride, poly-
ethylene  terephtalate, homopolymers  and
copolymers of acrylonitrile, polyamides and
copolyamides, thermoplastic polymers of formal-
dehyde, polycarbonate, polysulphone, and mixtures
of any two or several above-mentioned polymers.

The invention also concerns apparatus for im-
pregnating a continuous fibre bundie or fibre bun-
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dles with molten or fluid curing resin so that even
individual fibres beoome encircled with resin. The
apparatus of the invention for impregnating a con-
tinuous fibre bundle or fibre bundies with molten or
fluid curing resin in manufacturing fibre-reinforced
material, said material comprising one or several
fibore bundles encircled by matrix resin, is char-
acterized in that it comprises one or more nozzle
members with a nozzle aperture for conducting
molten thermoplastic or thermosetting resin from a
higher pressure o a lower pressure, and members
for conducting said fibre bundles across the nozzie
aperiure so that the resin, which is at higher pres-
sure, running from the nozzle aperture runs through
the fibre bundles to a lower pressure.

According to one embodiment of the apparatus
of the invention, it comprises an impregnation
chamber in which the absorption takes place and
the pressure prevailing wherein is lower than the
pressure prevailing in the nozzle.

According to another embodiment of the ap-
paratus of the invention, the fibre bundies are taken
through the chamber across the nozzle
aperture/apertures of one or several nozzle mem-
bers. A so-called crosshead-die method may here-
with be applied in such manner that the absorption
chamber is not directly connected eg with an ex-
truder producing a required impregnation pressure.
Instead, molten resin runs from a higher pressure
into the nozzle chamber in which a lower pressure
is prevalent and from which exira resin may freely
run out, and it can be returned to the feed side of
the extruder. Hereby, a double impregnation influ-
ence is provided because the fibre bundie fo be
impregnated flows through the molten resin present
in the chamber, and at the same time, it crosses
the nozzle aperture wherefrom molten, pressurized
resin runs directly through the fibre bundle.

According to an embodiment of the apparatus
of the invention, the impregnation chamber may in
addition contain such members which reshape the
fibre bundle to be impregnated, for instance by
flattening and widening the fibre bundle frack,
which facilitates the discharging of resin through
the fibre bundles. The forming members may be
eg rod-like members, their direction being either
horizontal or transversal, or oblique relative to the
fibre bundle to be absorbed.

The invention is described furthermore, though
not being confined, by referring to the figures en-
closed, in which

Figure 1 presents schematically a simple em-

bodiment of the means of the invention,

Figure 2 presents two nozzle members which

are located on different sides of the fibre bundle
to be absorbed, and

Figure 3 presents the impregnation apparatus of

the invention containing an impregnation cham-
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ber.

In Figure 1 a fibre bundle or fibre bundles 10
passes/pass in the direction marked with arrow A
across the nozzle aperiure 13 of a nozzle 11. A
nozzle duct 12 runs through the nozzle 11,
wherethrough molten thermoplastic resin runs
(arrow B) from a higher pressure, for instanoe,
through an extruder (not shown). The molten resin
is then forced to discharge through the nozzle
aperture 13 through a mat of fibre bundles 10,
whereby the fibres beoome encircled with molten
resin. The impregnated fibre bundle mat may
thereafter be moulded and cured in methods
known in themselves in the art (not shown).

Figure 2 presents two nozzles 11 placed on
different sides to the fibre bundle mat 10. Hereby,
through the fibre bundle mat 10 moiten resin flows
twice, but the flow directions of the resin (arrows B)
are opposite, thus intensifying the impregnation.

In Figure 3 is shown impregnation apparatus
20 which contains an impregnation chamber 21. A
nozzle duct 22 leads into the impregnation cham-
ber, said duct being connected for instance with an
extruder (not shown). The nozzle duct 22 termi-
nates in the impregnation chamber 21 to the nozzle
23 through the nozzle aperture 24. In the chamber
21 is moreover located an outlet aperture through
which excessive molten resin is conducted out of
the chamber 21, and it may be returned to the
extruder. The fibre bundle mat 10 to be impreg-
nated is conducted into the chamber 21 through
the inlet aperture 26 and the iniet duct 27, which is
narrow enough to prevent the molten resin from
running out of the chamber 21 therethrough. The
impregnated fibre bundle mat exits from the im-
pregnation chamber 21 through the outlet duct 28
and the outlet aperture 29.

Since in the apparatus of Figure 3 an outlet
aperiure 25 has been provided in the impregnation
chamber 21, which is in connection with the air
outside, or in any case, with a lower pressure,
discharging of the molten resin from a higher pres-
sure (from the duct 22) through the fibre bundle
mat 10 (chamber 21) is herewith produced. It goes
without saying that one or several nozzles 24 may
be provided and they may be located on one side
or on different sides to the fibre bundle track 10. In
addition, one or several guiding members, such as
rods 30, may be advantageously arranged in the
chamber 21, by the aid of which the fibre bundle
mat to be impregnated may be guided and re-
shaped prior to an impregnation point or thereafter.

In addition, pretreatment of the resin to be
impregnated may be applied in the process and
apparatus of the invention to reduce its viscosity. If
an apparatus such as shown in Figure 3 is em-
ployed, it is also feasible to conduct into the cham-
ber 21 a different kind of resin than the one con-
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ducted through the nozzle 24, or also other agent
for the treatment, such as a moistening agent, etc.

Claims

1. A process for impregnating a continuous fibre
bundle or fibre bundies (10) with molten or fluid
curing resin in course of manufacturing fibre-re-
inforced material, said material comprising one or
several fibre bundles (10) encircled by matrix resin,
characterized in that said fibre bundles (10) are
conducted to pass across a nozzle aperture (13,24)
so that the resin runs from the nozzle (11,23) from
a higher pressure to a lower pressure through the
fibre bundle (10).

2. A process according to Claim 1, characterized in
that the molten resin discharges from the nozzle
(11,23) into the atmospheric pressure or io a lower
pressure.

3. A process according to Claims 1 or 2, character-
ized in that the molten resin discharges from the
nozzle (11,23) into molten resin which is at a lower
pressure.

4. A process according to Claim 3, characterized in
that said resin at lower pressure is located in a
chamber (21) through which the molten resin at
lower pressure and that fibre bundles (10) are
conducted.

5. A process aocording to any one of the preceding
claims, characterized in that the higher pressure is
produced in an extruder.

6. Apparatus for impregnating a continuous fibre
bundle or fibre bundles (10) with molten or fluid
curing resin in the course of manufacturing fibre-
reinforced material, said material comprising one or
several fibre bundles (10) encircled by matrix resin,
characterized in that it comprises one or several
nozzle members (23) with a nozzle aperture (24)
for conducting resin from higher pressure to lower
pressure, and members for conducting said fibre
bundles (10) across said nozzle aperture (24) so
that the resin running from the nozzle aperture (24)
at the higher pressure runs through fibre bundles
(10) fo a lower pressure. '

7. Apparatus according to Claim 6, characterized in
that it confains an impregnation chamber (21) in
which the impregnation takes place and the pres-
sure prevailing in which is lower than the pressure
prevailing in the nozzle (23).

8. Apparatus accordng to Claim 7, characterized in
that the fibre bundles (10) to be impregnated are
conducted through the chamber (21) across the
nozzle aperture (24) of one or several nozzle mem-
bers (23) placed in the chamber (21).

9. Apparatus according to Claims 7 or 8, character-
ized in that the nozzle members (23) have been
connected to an extruder and that excessive mol-
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ten resin is returned fo the exiruder.
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